Objectives: To use a randomised, double blind, placebo controlled trial to establish the effect on straight leg raise, hip internal rotation, and muscle pain of dry needling treatment to the gluteal muscles in athletes with posterior thigh pain referred from gluteal trigger points. Methods: A randomised, double blind, placebo controlled trial of 59 male runners was performed during the 2002 Australian Rules football season. Subjects were thoroughly screened and had magnetic resonance imaging of their hamstring muscles to exclude local pathology. The inclusion criterion was reproduction of recognisable posterior thigh pain with the application of digital pressure to the gluteal trigger points. Subjects randomly received either therapeutic or placebo needle treatment on one occasion at their gluteal trigger points. Range of motion and visual analogue scale data were collected immediately before, immediately after, 24 hours after, and 72 hours after the intervention. Range of motion was measured with passive straight leg raise and hip internal rotation. Visual analogue scales were completed for hamstring and gluteal pain and tightness at rest and during a running task. Results: Magnetic resonance imaging scans revealed normal hamstring musculature in most subjects. Straight leg raise and hip internal rotation remained unchanged in both groups at all times. Visual analogue scale assessment of hamstring pain and tightness and gluteal tightness after running showed improvements immediately after the intervention in both groups (p = 0.001), which were maintained at 24 and 72 hours. The magnitude of this improvement was the same for therapeutic and placebo interventions. Resting muscle pain and tightness were unaffected. Conclusions: Neither dry needling nor placebo needling of the gluteal muscles resulted in any change in straight leg raise or hip internal rotation. Both interventions resulted in subjective improvement in activity related muscle pain and tightness. Despite being commonly used clinical tests in this situation, straight leg raise and hip internal rotation are not likely to help the therapist assess response to treatment. Patient reports of response to such treatment are better indicators of its success. The mechanisms by which these responses occur and the reasons for the success of the placebo needling treatment are areas for further investigation.
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C linically, posterior thigh pain is a common presentation in participants of Australian Rules football and other running sports. This may be a local or a referred phenomenon. 1 Many patients continue to participate despite reporting subjective performance limitations. In some cases, this pain is most closely reproduced by the application of digital pressure to gluteal muscle trigger points (L Huguenin, unpublished work). This referral of pain to the hamstrings has previously been described in patients with myofascial pain. 2 3 Trigger points are localised areas of tenderness within a taut band of muscle fibres. 2 They are considered a secondary phenomenon to overuse, poor muscle balance, postural abnormalities, or injury. 2 Active trigger points produce symptoms and pain referral. Latent trigger points are responsible for muscle tightness which is usually asymptomatic but detectable on manual clinical assessment. The diagnosis of an active trigger point relies on the reproduction of recognisable local or referred symptoms on application of digital pressure. An active trigger point also exhibits reproduction of symptoms and a local twitch response to needle penetration. 2 The mechanism of pain referral from trigger points is controversial. Current evidence points to neurochemical changes at the spinal cord, [4] [5] [6] [7] [8] [9] [10] [11] and sympathetic activation increases this pain perception. 12 13 Trigger points in the gluteal muscles may form therefore as a result of lower back pathology (mild disc disease, lumbar stiffness), sacroiliac joint dysfunction, muscle weakness, or other biomechanical abnormalities of the lower limbs. In athletes, these factors may be related to high training loads, concurrent injuries, fatigue at the end of games, or intrinsic biomechanical imbalances.
The differential diagnosis for referred posterior thigh pain includes structures of the lower back (discs, facet joints), sacroiliac joint, or lumbosacral radiculopathy. 1 The clinical features of these syndromes are distinct from the syndrome produced by trigger points. Neurological impairment, pain with lumbar movement, and reproduction of pain with manoeuvres other than trigger point palpation are not indicative of trigger point related pain.
Straight leg raise (SLR) and hip internal rotation (hip IR) are commonly used to assess pain in the pelvis and posterior thigh.
14 Many clinicians use these tests to monitor response to treatment of gluteal trigger points. This has not been validated, although measures change with other therapeutic interventions around the pelvis. [15] [16] [17] [18] [19] [20] Treatment of trigger points in athletes has not previously been described. Treatments investigated in other populations include spray and stretch, 2 TENS, 21 22 ultrasound, 23 laser, [24] [25] [26] [27] [28] injection of local anaesthetic, [29] [30] [31] toxic substance, 32 33 or botulinum toxin, 34 35 and dry needling. 31 36 37 Of the noninvasive treatments, there is no convincing evidence that Abbreviations: IR, internal rotation; MRI, magnetic resonance imaging; SLR, straight leg raise; VAS, visual analogue scale there is benefit over placebo, with subjective improvements far outweighing objective measures.
Injections have been used for many decades. [38] [39] [40] Improvements in pain are common, but few researchers include a placebo. Injection of local anaesthetic has not been convincingly shown to be superior to injection of normal saline. 27 41 Dry needling has been investigated, and some studies have included a placebo intervention. 36 37 The placebos have involved subcutaneous penetration. Overall, an equivalent improvement in subjective outcome ratings has been found, without change in objective measures. Subcutaneous injection has previously been postulated to have an effect on pain perception because of gating of local pain impulses from trigger points. 42 A placebo needle has been described and found to be reliable for use in blinded acupuncture research. 43 The needle had a blunt tip and did not pierce the skin. By telescoping into its handle, this needle accounted for visual cues, which are not relevant for treatment of the back or gluteal region.
The purpose of this study was to evaluate the effect of both therapeutic and placebo dry needling on SLR, hip IR, muscle pain, and muscle tightness in athletes with trigger point related posterior thigh pain.
METHODS

Participants
Fifty nine male athletes were recruited from football clubs, advertisements, flyers, and referral from private clinics. Sample size was calculated for 80% power, using an assumed change in SLR of 15˚and visual analogue scale (VAS) of 2 cm, based on clinical experience, as no published data were available. Subjects completed a screening questionnaire and had a physical examination. Those accepted into the study had a gradual onset of hamstring pain, reproduction of recognisable hamstring pain with pressure on their gluteal trigger points, a good understanding of written and spoken English, and were able to attend all sessions.
Reasons for exclusion were a history of hamstring tear within the previous six weeks, clinical evidence of a hamstring tear, magnetic resonance imaging (MRI) evidence of a hamstring tear, significant lower back injury within six weeks, clinical evidence of significant lumbar or sacroiliac joint contribution to their pain, clinical evidence of a radiculopathy or neurological impairment, needle phobia, bleeding disorder, anticoagulant medication, previous experience with dry needling for myofascial pain, or an inability to reproduce symptoms with trigger point palpation. All subjects had an MRI scan of their hamstrings.
Testing was delayed for an intercurrent illness or injury that prevented completion of the running task, or if the MRI scan exhibited extremely mild non-localised hamstring oedema. This is an extremely mild strain injury and correlates with full strength and symptom free return to sport within 7-14 days. 44 Subjects describing long term hamstring pain, but exhibiting mild oedematous changes on MRI consistent with a mild new injury, were reassessed at one to two weeks and were only included if their hamstring was not tender and if they had full resisted strength on manual testing and continued to complain of symptoms consistent with those of the long term complaint. It was essential that their symptoms be reproducible with gluteal trigger point pressure. gives the MRI findings; ''strain'' describes these very mild injuries. Two hamstring tears were excluded. One tear seen on MRI was included because it was seen as resolving oedema in the distal medial hamstring from a recognised injury. The subject had no tenderness in the area and had full strength. He was able to differentiate his usual, long standing pain from that suffered with this acute injury. His usual pain persisted after resolution of the distal medial pain and was reproduced with trigger point pressure. He was therefore included in the trial.
Ethical consideration
Ethical approval was obtained from the University of Melbourne human research ethics committee. All subjects provided written informed consent.
Procedure
All outcome measures were collected by the same, blinded observer (LH) before, and immediately, 24 hours, and 72 hours after the intervention.
Straight leg raise
Subjects were given clear verbal and written instructions before being positioned supine on an examination couch and instructed to remain relaxed. Their upper arms were by their sides, with head resting comfortably on one pillow, and contralateral leg resting on the couch. Knee and ankle splints were used to standardise the position of the intervention leg. Splints were made of moulded thermoplastic, padded, and fixed to the limb with Velcro straps. The contralateral limb was not stabilised in any way, nor was the pelvis, as research to date has not shown any improvement in SLR reliability by these measures. 15 16 Subjects were reminded to maintain contact between the contralateral limb and couch throughout.
A 2.5 cm black marker was placed 10 cm above the lateral malleolus in the line of the fibula. A second marker was placed two thirds of the distance between the knee and the greater trochanter, in the mid lateral line of the thigh. Reference markers were permanently attached to the horizontal rail of the couch and not moved during the trial.
The leg was gradually lifted by the examiner at the heel splint with a hand held force transducer. Whenever the lifting force decreased as the result of active hip flexion, the subject was reminded to remain relaxed. The subject notified the examiner at two separate points. P1 was defined as the first onset of sensation (stretch or pain) in the posterior thigh (hamstrings). P2 was defined as the subject's perceived maximum range of motion. This was usually indicated by the maximum tolerable hamstring discomfort. Should that point not have been reached, but the contralateral leg or pelvis began lifting off the couch, it was felt that the maximum isolated SLR range had been achieved and this was classed as tP2.
The subject indicated each of these points verbally, at which time the examiner immediately stopped moving the leg, and the subject took a still digital photograph by pressing a button on a remote control unit (fig 1) . The remote control unit minimised any stretch effect by reducing the time in any one position.
Measures were repeated three times. The contralateral leg was measured before the intervention only.
Hip internal rotation
Subjects were supine and relaxed, knees flexed passively to 90˚at the edge of the couch (fig 2) . The head rested on one pillow, with arms relaxed. A Velcro fastener secured the knees together to avoid abduction/adduction. A black marker was placed on both legs at the most prominent point of the tibial tuberosity. Another marker was placed midway between the malleoli on the anterior ankle joint line. Reference markers were permanently placed on the horizontal rail of the couch.
The examiner used a remote control to photograph the resting position of the legs. The heel of the right leg was passively moved laterally, internally rotating the hip with gentle downwards pressure on the thigh by the examiner to prevent hip flexion (fig 3) . When the hip was unable to be rotated further (end of range), the investigator took a remote photograph. The left leg was similarly assessed, and each repeated up to a total of three measurements. Although active range of motion has been used in previous studies, 45 passive range more closely represents common clinical practice.
Analysis of range of motion
Range of motion was recorded by a Sony digital handycam model DCR-TRVZOE and stored on a 64 MB Sony Memory Stick. Camera position was 2 m from the edge of the couch, on a tripod. Tripod legs were shortened one third (fixed settings) for hip IR measurement to reduce parallax error. Camera and couch positions were standardised by permanent marks on the floor. Photographs of known angles revealed an error of approximately 0.5˚at this camera distance. Digital photographic data were analysed on an Apple Macintosh computer using Igor Image Analyse 2.5. Angles were calculated relative to the horizontal alignment of the bed and are not true values of range of motion. However, as the study is designed to assess any change relative to baseline, it is more important that the measure is repeatable than that it is a pure measure of range. SLR was calculated as the angle between the leg (along the line of the two markers) and the horizontal rail of the couch (fig 1) . Hip IR angles were calculated by subtracting the resting position from the end of range. They therefore represented total internal rotatory excursion of the hip. This made allowance for subjects with anteverted femoral necks or other hip joint restrictions that may have given them a resting angle of less than 0˚from the vertical and a total range that would appear to be close to zero if measured from the vertical. Results were manually entered on recording sheets and transposed into a Microsoft Excel data base.
Measurement error
Range of motion photographs were reanalysed for a randomly selected sample of 20 subjects. The mean difference between the first and second analysis was 0.29˚, with a standard deviation of 0.19˚.
Reliability analysis
Reliability testing was performed for SLR and hip IR before the start of the study. These results are available from the authors on request. Intraclass correlation coefficients for SLR to P1 were 0.76 for the right leg and 0.89 for the left leg. Intraclass correlation coefficients were 0.92 and 0.95 for SLR to P2 and 0.80 and 0.83 for hip IR. This corresponded to a 95% confidence interval of 5˚to 7˚for each measurement, which was considered acceptable.
Visual analogue scales
Pain and tightness in both the hamstrings and gluteals were measured on four unmarked 10 cm VASs. The right hand end of the scale represented the worst pain or tightness ever experienced by the subject. Pain was defined as ''muscle pain, such as that you may have experienced with a tear or a cork'' (haematoma). Tightness was defined as a ''lack of give, or loss of range'' of the muscle. Verbal and written instructions were given. Subjects placed a mark on the scale for each of the resting sensations. Immediately after running 500 m at 70% (self determined) pace, they marked the scale for the sensations experienced during activity. The observer timed each run to ensure it was within five seconds of the time achieved at first testing.
Needling protocol
All needling was performed by the same investigator (PB). Trigger points in the gluteals were isolated by palpation, ensuring reproduction of symptoms. Most of these were in the region of the upper outer buttock quadrant, and subjects had three to five points each. Therapeutic needling was performed with 0.30 mm diameter, 25 mm long sterile acupuncture needles (Seirin Corp, Shizuoka, Japan). Each needle is individually packed. The needle pierced the skin and was advanced into the trigger point. Reproduction of recognisable pain or visualisation of a local twitch response indicated appropriate placement. 2 The needle was then partially withdrawn and repeatedly advanced into the muscle until the pain resolved and no further twitches were seen. This usually corresponded to one minute of treatment for each point. Placebo needles were a modification of the acupuncture needles. Needles were unwrapped, the sharp tip removed, and the needle glued back in its sheath. It was dipped in Betadine, but not resterilised, as it did not pierce the skin. Subjects did not see the needles at any stage. These needles made the same sound as real needles when released from their sheaths. Placebo needling involved applying the tip of a blunted needle to the skin over the trigger point. Pressure was applied for 10 or more seconds and the needle moved slightly to simulate real needling. This was repeated at each point for up to one minute.
Randomisation
Randomisation was performed using random number tables and the allocation was held by a third party until contacted by the intervention investigator.
Blinding and prevention of unblinding Both subject and outcomes investigator were blinded. Placebo needles had previously been assessed for reliability in 10 volunteers. The incidence of correctly identifying placebo was no more than chance (x 2 0.975, p = 0.323). Subjects remained prone during treatment, and did not discuss the treatment or its effects subsequently. Blinding was assessed immediately after treatment and at trial completion, and results were sealed until data were collated.
Contamination and cointerventions
Subjects were requested not to have treatment to their trigger points for one week before the study and no other manual treatment on their back or lower limbs for the three days of the study. They continued playing and training as usual.
Statistical analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS; Norusis/SPSS Inc, Chicago, Illinois, USA). The level of significance was set at 0.05 for all tests unless otherwise specified.
Before analysis, data were examined to identify potential violation of statistical assumptions. Normally distributed data were analysed with parametric statistics, and nonnormal data with non-parametric statistics.
The placebo and real needling group were examined for comparability with respect to height, weight, SLR, hip IR, and VAS scores. Independent t tests or Kruskall-Wallis tests were used as appropriate.
The effects of the intervention were compared in each group over the four time points using a repeated measures analysis of variance.
A Friedman test was performed to evaluate the effects of both interventions on VAS over time. Significant results were further analysed with a Wilcoxon signed ranks test. MannWhitney U testing showed any differences attributable to group allocation. Owing to the number of comparisons performed, a more conservative a level of 0.013 was used to protect against type I error. 46 VAS data is presented as box plots. The median is represented by a line in the box, and the limits of the box are the interquartile distance. The whiskers extend to the minimum and maximum values, and outliers are represented by small circles.
Global rating of change scores (a five point scale) were dichotomised in the following manner: 1, scores of 4 or 5-that is, better and much better (improvement); 2, scores of 1, 2, or 3-that is, much worse, worse, and no change (no improvement). x 2 analyses with standardised residuals were performed to test for associations between group allocation and perceived improvement. 2 analysis was used to assess the effectiveness of subject and investigator blinding immediately after the intervention and on completion of the trial.
RESULTS
Eighty five subjects were screened; 60 were included, but one was subsequently excluded for an adductor magnus cyst on MRI. Fifty nine subjects completed the measures before and immediately after the intervention. Fifty eight completed the measures at 24 hours, and 52 completed the measures at 72 hours. Drop outs were due to outside commitments, but subjects all completed blinding and global change surveys by telephone.
Baseline characteristics
There was no significant difference between the groups before the intervention for age, height, weight, SLR, or hip IR. VAS measures were equivalent for all but resting gluteal pain, which was significantly higher in the therapeutic needling group.
Range of motion
All results were analysed with carry forward of the last result, and exclusion of missing data points and outcomes were similar. Results are reported for the carry forward analysis only. Table 2 gives the results for SLR to P1, SLR to P2, and hip IR. There was no significant change in range of motion in either group.
VAS
There was no significant change in VAS scores for any of the resting variables or for gluteal pain after running. Both groups showed significant improvement in hamstring tightness (p,0.001), hamstring pain (p,0.001), and gluteal tightness (p = 0.001 for therapeutic and p,0.001 for placebo) after running. Figure 4 gives the results of the running scores. The improvements occurred immediately after the intervention, and there was no significant change in subsequent measures.
There was no significant difference in the magnitude of the change related to group allocation (p.0.013). On global rating of change analysis, no subjects felt worse after treatment. Fourteen subjects in the placebo and 18 subjects in the therapeutic group felt that they had improved, and one subject in the therapeutic group felt much improved. This did not translate to a significant difference when analysed statistically.
Analysis of blinding x
2 analysis revealed that the therapeutic group correctly identified allocation immediately after treatment (p,0.001), but no association at the end of the study (p = 0.062).
There was a significant association between observer opinion and group allocation (p = 0.043), with values trending towards more correct opinions in the therapeutic group.
Adverse outcomes
Two subjects experienced syncopal responses to the needling, recovered quickly, and completed the study. One subject experienced atypical chest pain in the initial run. After full medical evaluation, he started the trial again two days later.
DISCUSSION
The lack of change in SLR and hip IR after treatment in this research may indicate one of three things. Firstly, the postulated restriction in range of motion may not be associated with symptoms. This research does not answer this question, as participants often had bilateral symptoms, pathology in the contralateral hamstring, or injuries to other muscles of the contralateral limb involved in pelvic movement. Secondly, these may be appropriate outcome measures that have indicated no change in muscle length as a result of dry needling, or, thirdly, the outcome measures used may be inappropriate to recognise any change. Regardless of the reason, it can be said that SLR and hip IR are not suitable reassessment measures after treatment of gluteal trigger points.
Self reports of improvement have been shown to be equivalent for placebo and therapeutic needling and are most appropriate for assessing response to treatment.
Most placebo controlled studies on needling therapy of trigger points have obtained similarly negative results with respect to range of motion and other objective measures, while still reporting an improvement in pain similar to that seen in this study. 36 37 The effective placebo interventions have all involved the application of a stimulus strong enough to be confused with needle penetration. Similar results are seen with the use of other counter stimulatory interventions, but are not reproduced in the absence of any noxious input.
The mechanism of the pain relief seen with trigger point treatments is not known. Early theories suggested that direct stimulation of the ischaemic tight muscle segment may allow it to relax and may alter local mediator and neurotransmitter concentrations, thereby reducing the pain signals. 2 More recently, diffuse noxious inhibitory control, a central increase in opioid release in response to a painful stimulus, resulting in modulation of pain transmission, has been implicated in the analgesia of acupuncture and the prolonged pain relief described with local anaesthetics. 41 Opioid blockade results in return of trigger point pain after effective treatment. 47 This system has also been implicated in the production of a runner's high 48 and the placebo effect. 47 Therefore, despite the current lack of evidence to support objective improvements in muscle length or function after dry needling, there is now a convincing amount of data to suggest that significant subjective improvements are seen with a number of forms of counter stimulation. Although often discredited as being due to the placebo effect, there are still central physiological mechanisms that may be responsible for a global reduction in pain perception. Indeed, these mechanisms may be responsible for effects previously disregarded as due to placebo, which can have important roles to play in achieving clinical improvements.
Certainly, there has been a long standing argument in the literature on acupuncture since the discovery that acupuncture at non-specific points can afford similar levels of pain relief to that achieved when relevant points are treated. [49] [50] [51] Not only have spinal cord opioids and pain gating been implicated, but functional brain imaging has revealed changes in areas involved in pain processing after needle treatment. 52 53 It was expected that the placebo used in the current research would be less traumatic. However, the success of blinding of subjects may indicate that the stimulus was equivalent to a needle penetration. The equivalent responses seen with placebo and therapeutic interventions to date do suggest a centrally mediated analgesic effect, rather than a local muscle response.
Possible reasons for observed outcomes
An appropriate study population was identified and recruited. Numbers were calculated for 80% power assuming a 15˚change in SLR.
It is unusual in clinical practice to use dry needling as a single isolated treatment. We cannot comment from these results as to whether repeated treatment or combination treatment may have a different outcome.
Clinical implications
Both groups improved subjectively after intervention. Running discomfort was affected more than resting sensations. There was no significant increase in gluteal pain after the therapeutic intervention despite soreness having previously been described as the major side effect of this treatment. 31 Although local muscle stimulation cannot be ruled out as contributing to pain relief, both the placebo effect and central modification of pain perception must be seriously entertained as possible mechanisms for this effect.
Strengths and limitations
The lack of a control group means that we cannot state that the results seen were due to the intervention and were not a reflection of the natural history of disease. However, subjects generally complain of these symptoms over months to years.
Blinding was effective, and the power was adequate to reveal VAS changes. It is unlikely that there was any change in range of motion.
